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httpOutcomes after false lumen embolization with
covered stent devices in chronic dissection
Jahanzaib Idrees, MD, Eric E. Roselli, MD, Susan Shaﬁi, MD, Joshua Reside, BS, and
Bruce W. Lytle, MD, Cleveland, Ohio
Objective: Persistent retrograde false lumen perfusion is a common mode of failure after thoracic endovascular aortic
repair (TEVAR) for chronic dissection. Objectives were to describe a novel endovascular approach for false lumen oc-
clusion and assess outcomes.
Methods: From 2009 to 2013, 21 patients (mean age, 646 11 years) with chronic thoracoabdominal dissection underwent
adjunctive false lumen embolization using covered stent devices for persistent retrograde perfusion. Eight patients had
type B dissection, 13 had residual dissection after prior type A repair, and all were deemed high risk for open operation.
False lumen embolization in 17 patients was an adjunct at the initial TEVAR or extension, including two as elephant
trunk completion. In the other four, this was done as an isolated procedure, and three had previously undergone TEVAR
sparing the celiac artery. Covered stent devices included iliac plugs in 18, nitinol embolization plugs in two, and occluded
stent graft in one. More than one device was used in 15 patients.
Results: There was one hospital death due to left subclavian artery aneurysm rupture but no patient had stroke, paraplegia,
myocardial infarction, or renal failure. Mean follow-up was 25 6 19 months. During surveillance computed tomography
imaging, false lumen thrombosis was noted in all patients, but four required further embolization because the thrombosis
was incomplete. Mean maximum aortic diameter decreased from 64 6 14 to 59 6 15 mm. There was one late death from
intracranial hemorrhage and no aortic ruptures.
Conclusions: Adjunctive false lumen embolization with a covered stent device promotes thrombosis and remodeling
after stent grafting the true lumen for chronic dissection. Further study of this strategy is warranted. (J Vasc Surg
2014;60:1507-13.)Even after early repair, survivors of acute aortic dissec-
tion are frequently left with a patent false lumen. This is
especially the case when the dissection is extensive.1-3
The presence of a residual false lumen is associated with
the risk of developing complications in the chronic state
and is a known predictor of death.4-6
Endovascular therapy for complicated chronic distal
dissections has had limited success due to stiffness of the
dissection ﬂap and pressurization of the false lumen by
retrograde ﬂow through the distal entry tears.4 We previ-
ously described a hybrid repair strategy that includes the
creation of a distal circumferential landing zone by open
fenestration during a ﬁrst-stage elephant trunk (ET) repair,
followed by stent grafting.3 That strategy has worked well,
but for patients with an adequate proximal landing zone,
the open operation may be more invasive than some pa-
tients can tolerate.the Department of Thoracic and Cardiovascular Surgery, Heart and
ascular Institute, Cleveland Clinic.
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://dx.doi.org/10.1016/j.jvs.2014.08.094We describe another novel technique involving the use
of covered stent devices placed into the false lumen to
occlude retrograde ﬂow as adjuncts to standard thoracic
endovascular aortic repair (TEVAR) within the true
lumen.7 Our objectives of this study were to assess the
safety and efﬁcacy of this approach in patients with compli-
cated chronic dissection.
METHODS
Institutional Review Board approval was obtained to
conduct this study, and patient consent was waived.
Patient characteristics. From July 2009 to September
2013, 21 patients underwent adjunctive false lumen embo-
lization with covered stent devices at Cleveland Clinic for
chronic thoracoabdominal dissection and aneurysm.
Mean age was 646 13 years. Mean preoperative maximum
thoracic aortic diameter was 64 6 14 mm. Thirteen
patients had chronic residual type A dissection, eight had
type B, and all patients were deemed high risk for open
repair. False lumen embolization occurred at a median
interval of 31 months (range, 8-45 months) from the initial
dissection.
Fifteen patients (71%) had undergone 25 thoracic
aortic procedures before the index false lumen emboliza-
tion. Of these, nine (48%) had undergone two or more pre-
vious aortic operations. In 13 of 15 patients (87%), at least
one of the prior procedures was an emergency operation
for repair of an acute type A dissection with ascending
aortic replacement (n ¼ 9), frozen ET procedure (n ¼
3), or standard ﬁrst-stage ET (n ¼ 1). Additional prior1507
Table I. Patient characteristics and operative details
Variable Outcomea (N ¼ 21)
Age, years 64 6 11
Male 16 (76)
Max descending thoracic aortic diameter, cm 64 6 14
Residual chronic type A dissection 13 (62)
Chronic type B dissection 8 (38)
Prior aortic procedures
Total prior procedures (15/21 patients) 25b
Ascending aortic replacement 9
First-stage ET 4
Frozen ET 3
Total arch replacement 1
TEVAR 5
Second-stage endovascular ET completion 3
Previous acute type A dissection repair 13
Index procedure
Initial TEVAR 9
TEVAR extension 6
Endovascular ET completion 2
Isolated false lumen embolization 4
Covered stent devices
Iliac occluder plug 18
Nitinol embolization plug 2
Occluded stent graft 1
>1 device used 15
Sizes, mm 16, 20, 24
ET, Elephant trunk; SD, standard deviation; TEVAR, thoracic endovascular
aortic repair.
aContinuous data are presented as mean 6 standard deviation and cate-
gorical data as number (%).
bFifteen patients had a history of 25 previous aortic operations, of which 13
were acute type A dissection repairs.
Fig 1. Preoperative computed tomography (CT) image shows
persistent retrograde false lumen perfusion after thoracic endo-
vascular aortic repair (TEVAR).
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ET (n ¼ 3), second-stage endovascular ET completion
(n ¼ 3), and total arch replacement (n ¼ 1).8 Table I sum-
marizes preoperative patient characteristics.
Indications and repair methods. All patients pre-
sented with chronic distal aortic dissection that was compli-
cated by aneurysmal aortic growth associated with
persistent retrograde perfusion of the false lumen (Fig 1).
The embolization procedure was generally chosen for one
of two reasons in these patients: (1) the initial attempt at
endovascular repair with simple TEVAR into the true
lumen failed (n ¼ 10) or (2) the aneurysm had demon-
strated rapid growth or other features that raised concern
that true lumen stent grafting alone would not be adequate
to protect them from rupture (n ¼ 11).
Endovascular false lumen occlusion was performed
adjunctively at the time of stent grafting in 17 patients
(81%). The index procedures included TEVAR as the
initial repair (n ¼ 9) or as an extension of the previously
performed TEVAR (n ¼ 6) or second-stage endovascular
ET completion (n ¼ 2) in these 17 patients. The emboliza-
tion in the remaining four patients (14%) was performed as
an isolated procedure. Three had previous TEVAR up to
the level of celiac artery, but there was persistent false
lumen perfusion that was treated with false lumen emboli-
zation. The other patient was a survivor of type A dissec-
tion repair and had no previous descending TEVAR. Hewas deemed too high risk for open repair. Covering the en-
try tear with TEVAR was not possible in this patient
because it was located in the proximal portion of his left
common carotid artery based on preoperative computed to-
mography (CT) analysis and conﬁrmed by intraprocedural
assessment with intravascular ultrasound imaging. As a
result of this anatomic complexity, an isolated false lumen
embolization was performed at the level of the left common
carotid artery and also in the distal descending aorta.
The covered stent devices used for false lumen emboli-
zation included iliac plugs in 18 (Fig 2, A), nitinol embo-
lization plugs in two, and a collapsed/occluded stent graft
in one. More than one device was used in 15 patients
(71%). The size of the iliac occluder devices ranged from
16 mm to 24 mm. Because no device is speciﬁcally
designed for treatment of the often large and oblong-
shaped false lumen, multiple devices are typically used to
accommodate the space based on a virtual assessment using
preoperative CT (Fig 2, B). In addition, left carotid-to-
subclavian bypass was performed in 10 patients to optimize
spinal cord protection during elective operations. The left
subclavian artery was covered at the time of index TEVAR
in ﬁve patients. Five patients required intraoperative coil
embolization of the left subclavian artery based on peripro-
cedural angiography showing persistent type II endoleak.
Spinal drains were also selectively used in 12 patients
(57%) as prophylaxis against spinal cord ischemia when
the length of aorta treated was considered excessive. Oper-
ative details are summarized in Table II.
Embolization technique. Under general anesthesia,
percutaneous access was obtained into the aorta using a
5F sheath through the iliofemoral system. An exchange
for an 8F sheath was made, and an intravascular ultrasound
probe was delivered into the aorta to document the
Fig 2. A, Iliac occluder devices used were ZIP (Cook, Bloomington, Ind; right) and Talent Occluder (Medtronic,
Santa Rosa, Calif; left). B, Preoperative imaging assessment shows virtual deployment used for sizing.
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access into the false lumen. The location of descending
aortic entry tears was identiﬁed using the preoperative
CT and conﬁrmed by intravascular ultrasound imaging. Af-
ter access was obtained into the false lumen using a direc-
tional catheter, an exchange was made for a stiff wire and a
large-caliber (18F  80 cm) Check Flo sheath (Cook,
Bloomington, Ind).
Because the delivery system for the iliac plug devices
(ZIP [Cook]; Talent Occluder [Medtronic, Santa Rosa,
Calif]) is typically too short to reach the desired site of
embolization in the thoracic descending aorta, the iliac
occluder device is initially delivered and deployed within
the 18F sheath. The occluder devices come in 14F to 16F
sheaths, and we were therefore able to load them over a
wire within the larger and longer sheaths already in place.
The tip of the dilator for the 18F sheath is amputated
on the back table using a No. 10 scalpel blade and polished
with a patch of sterile sandpaper to create a new “pusher”
for the occluder device. The occluder device is then deliv-
ered and deployed within the false lumen at the level of the
distal end of the stent graft in the true lumen, typically at
the level just proximal to the celiac artery (Fig 3).
In patients with a large area of false lumen requiring
embolization, more than one device is used. When addi-
tional devices are required, the access sheath is repositioned
within the false lumen alongside the ﬁrst occluder, and
the additional device is deployed in a similar fashion. A
completion angiogram is then performed in the false and
true lumens to verify accurate placement of devices and
absence of endoleaks and to document absent or signiﬁ-
cantly reduced ﬂow through the false lumen.
The entry tear for the delivery sheath was always distal
in nonaneurysmal aorta. Sometimes it was in the common
iliac and other times it was within the visceral segment.This was left open and probably was important for main-
taining false lumen-dependent ﬂow in the abdominal aortic
branches.
Follow-up and imaging. All patients underwent CT
assessment before discharge, and follow-up was performed
as scheduled outpatient visits within ﬁrst 6 months from
operation and then yearly with CT imaging. A standard
three-phase protocol after stent grafting was used that
included a noncontrast phase through the treated segment
and intravenous contrast scans through the chest,
abdomen, and pelvis timed for arterial and delayed venous
phases. Data were gathered by retrospective record re-
view. All CTs were analyzed using three-dimensional
reconstruction software (TeraRecon, San Mateo, Calif)
to assess graft patency, device integrity, false lumen
thrombosis, endoleaks, and aortic morphology.
Outcome deﬁnitions and statistics. Initial technical
success was deﬁned as completion of the operation without
intraoperative death, ﬂuoroscopic documentation of
absence of type I and III endoleaks whenever descending
aortic stent grafting was performed, and signiﬁcant reduc-
tion of retrograde ﬂow through the false lumen at the level
of the occluding devices. Reintervention was deﬁned as the
need for another unplanned procedure for complications
after the initial repair. Renal failure was deﬁned as the
need for hemodialysis and respiratory failure as the need
for postoperative reintubation or tracheostomy. Stroke
was deﬁned as neurologic deﬁcit lasting >24 hours that
was conﬁrmed by imaging and documented by a neurolo-
gist, and similarly, spinal injury was deﬁned as new-onset
postoperative paralysis or paraplegia.
Descriptive statistical analyses are used to present vari-
ables for the study. Continuous variables are presented as
median or mean 6 standard deviation, and categoric vari-
ables are presented as percentages.
Table II. Outcomes
Variable
Outcomea
(N ¼ 21)
Early
30-day mortality 1 (4.7)
Stroke 0
Paralysis 0
Myocardial infarction 0
Renal failure 0
Respiratory failure 0
Reoperation for bleeding 0
Late
Follow-up, median months 26 (2-42)
Aortic rupture 0
Complete thrombosis after index
embolization
15 (71)
Partial thrombosis 6 (29)
Endovascular reintervention
(re-embolization)
4 (19)
Complete thrombosis after further
embolization
19 (90)
Failure of thrombosis 0
Reduction in postoperative max
descending diameter
13 (62)
Shrinkage, median mm 4.6 (0.2-27)
Imaging
Preoperative maximum aortic diameter, mm
Proximal thoracic descending 64 6 14
At iliac plug 52 6 8
Below iliac plug 42 6 9
Postoperative maximum aortic diameter, mm
Proximal thoracic descending 59 6 15
At iliac plug 53 6 8
Below iliac plug 42 6 9
Visceral segment perfusion (n¼20)
Celiac
True lumen 14
False lumen 4
Both 2
Superior mesenteric
True lumen 16
False lumen 0
Both 4
Right renal
True lumen 15
False lumen 3
Both 2
Left renal
True lumen 12
False lumen 2
Both 6
TEVAR, Thoracic endovascular aortic repair.
aCategoric data are presented as number (%) and continuous data as mean6
standard deviation or median.
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Early outcomes. Initial technical success was achieved
in 100%. Intraoperative angiography demonstrated absent
or markedly reduced ﬂow through the false lumen after
deployment of covered stent devices in all patients. One
(5%) 30-day mortality resulted from hemodynamic insta-
bility on postoperative day 4 due to rupture associated
with left subclavian artery dissection and aneurysm. This
patient’s predischarge CT showed a stable repair of theexcluded thoracic aortic segment, and proper positioning
and seal of the devices was noted on autopsy. When her
procedure was performed, the true lumen of the left subcla-
vian artery was embolized, but a very small persistent false
lumen of the left subclavian artery was not, and this was
noted on autopsy. We believe the patent false lumen of
the left subclavian artery led to persistent pressurization
of the aneurysm that no longer had a distal mechanism
for release of tension. There was no stroke, paraplegia,
myocardial infarction, respiratory, or renal failure.
Late outcomes. Median follow-up was 26 months.
One late death occurred at 10 months postoperatively in a
patient with cerebral hemorrhage resulting from rupture of
a berry aneurysm, but there were no aortic ruptures or
aortic-related deaths. Follow-up CT demonstrated evi-
dence of false lumen thrombosis in the treated aneurysmal
segment in all patients (Fig 4). The mean maximum
descending thoracic aortic diameter decreased during
follow-up from 64 6 14 mm to 59 6 15 mm (P ¼ .31).
The shrinkage was more evident at follow-up CT of
6 months to 1 year or more in 14 (67%). Thrombosis was
incomplete in six patients (29%), and there was some re-
sidual retrograde ﬂow into the false lumen. One of these
was the only patient who demonstrated growth of the
aneurysm sac. Four were treated with late reinterventions
that included further false lumen embolization in three and
coil embolization of the left subclavian artery for type II
endoleak in one. In the remaining two, the retrograde ﬂow
was small, and there was no further growth of the aorta.
These patients were <6 months from the procedure and
are on surveillance. Additional details are summarized in
Table II.
DISCUSSION
The role of TEVAR in chronic dissection is controver-
sial due to inconsistent remodeling and persistent false
lumen perfusion that commonly results in treatment failure
with persistent aortic growth and risk for rupture. We have
shown that use of covered stent devices as an adjuvant to
TEVAR is a safe and feasible strategy for interrupting retro-
grade false lumen perfusion and promoting thrombosis in
patients with chronic dissection where the initial treatment
directed at the true lumen alone has failed.
Previous studies have reported increased mortality
from aortic complications in patients with chronic dissec-
tion and a patent false lumen.1,7,9,10 The standard treat-
ment is open repair that involves replacement of the
thoracic descending or thoracoabdominal aorta with a
tube graft. This approach is effective but carries signiﬁcant
morbidity and mortality and may not be feasible in high-
risk patients.2,11 To address the concern of retrograde false
lumen perfusion, we previously described our experience
with a hybrid approach involving creation of a distal land-
ing zone for TEVAR, with an open fenestration in the
descending aorta at the time of proximal aortic repair.3
This technique has been effective, but not all patients
need arch reconstruction, and others may be too high
risk for open aortic repair.12-24
Fig 3. Left, Intraoperative ﬂuoroscopic image shows deployment of the iliac occluder devices into the false lumen
(arrow). Right, Postoperative computed tomography (CT) image shows iliac occluder devices in the false lumen, with
complete thrombosis.
Fig 4. False lumen embolization using covered stent device in chronic dissection. Left, Volume-rendered computed
tomography (CT) image at the 2-year follow-up shows the stent graft in the true lumen and an iliac plug device
adjacent in the false lumen. Right, Complete thrombosis of the false lumen in the area of the iliac plug device and intact
ﬂow through the true lumen with the stent graft are shown.
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alone in these patients. Although TEVAR usually can
cover the proximal entry tear, thus reducing false lumen
ﬂow and increasing blood ﬂow through the true lumen,
aneurysmal growth of the false lumen will still occur in
many patients. Typically, it is retrograde false lumen perfu-
sion from distal reentry tears that leads to this problem in
w30% to 40% of patients.4,11-16,25-27 Branched and fenes-
trated thoracoabdominal stent graft devices have partly
addressed this issue by increasing the length of coverage,
but not all patients are amendable to branched and fenes-
trated endografting.3,6,7,17,18
Two speciﬁc patients from this cohort are worthy of
further discussion because their cases were instructive:
the patient who died in the hospital from rupture dueto persistent ﬂow into the false lumen from the false
lumen of her left subclavian artery and the patient who
had false lumen embolization only without TEVAR.
The experience with these two patients demonstrated
that distal false lumen embolization can be a useful
adjunct to the more conventional endovascular repair
strategy by eliminating retrograde distal false lumen perfu-
sion, but it is paramount that proximal entry tears are also
properly addressed. This was not done in the patient who
ruptured because the proximal entry tear originated in the
distal left subclavian artery and was thus remote from the
aorta. In subsequent patients, we have taken care to emb-
olize the true and false lumens of a left subclavian artery
coming from aneurysmal chronically dissected aorta.
This less common location of the proximal entry tear in
JOURNAL OF VASCULAR SURGERY
1512 Idrees et al December 2014the arch branch vessels was seen and addressed success-
fully in the patient who did not undergo TEVAR in con-
cert with the false lumen embolization and his aneurysm
shrunk. These cases highlight the principle of treating
the proximal entry tears ﬁrst when treating chronic aortic
dissection.
Our experience with use of covered stent devices for
endovascular embolization of the false lumen shows that
this strategy is a safe and effective valuable adjunct to stan-
dard TEVAR for interrupting retrograde false lumen perfu-
sion in patients with chronic dissection. This strategy
expands options in high-risk patients who are too high
risk for open repair and improves the success rate after
TEVAR by promoting false lumen thrombosis and reverse
remodeling of aorta. By using this approach, we were able
to achieve complete thrombosis in 71% after the initial
embolization procedure. This increased to 90% secondary
success after subsequent embolization. The experience is
still early, but at median follow-up of 26 months, we
observed stabilization of maximum thoracic aortic diameter
in all patients and shrinkage in 62% (Table II). Mani et al16
recently demonstrated that reduction in aortic diameter
was best correlated with survival in patients undergoing
endovascular therapy for chronic type B dissection.
A common concern is that ﬂow through the false
lumen of the thoracic aorta is necessary in the chronic state
to maintain ﬂow into visceral vessels originating from the
false lumen. We have not found this to necessarily be
true because there are typically many entry tears in the
abdominal aorta that can serve to supply vessels originating
from the false lumen after the thoracic true lumen has been
obliterated. In our series, 43% of patients had at least one
vessel dependent on false lumen ﬂow, and none were lost
after achieving thrombosis of the thoracic true lumen.
Table II summarizes these ﬁndings.
This experience represents a small subset of the diverse
group of patients who present with chronic aortic dissec-
tion, so a more detailed analysis of risks for failure is not
possible. The selection process is evolving as we gain expe-
rience, but this therapy is not applicable to all. The size and
conformability of the devices in relation to the false lumen
volume is an important limitation. Nonetheless, we have
demonstrated the proof of principle that obstructing retro-
grade ﬂow into the aneurysmal false lumen can promote
reverse remodeling in complex patients with late-stage dis-
ease. As the experience expands, we hope to better under-
stand the risk factors for incomplete thrombosis.
Currently, there are no commercially available endovas-
cular devices speciﬁcally designed to directly occlude the pat-
ent false lumen in patients with chronic dissection. Loubert
et al19 ﬁrst described the use of iliac occluders in chronic
dissection as the “cork in bottleneck,” and Kölbel et al20,21
have similarly described the “candy-plug” technique in
which they place a constricting suture tie around a commer-
cially available stent graft and then add a vascular plug.
In this early experience, we used covered stent devices
that are designed as part of an aortoiliac repair system to
treat the pathology of the infrarenal aorta and iliac arteries.Important limitations for its application in patients with
chronic dissection are the reduced length of the delivery
system and the small size of the devices in relation to the
area of the false lumen. We were able to address the issue
of length by upsizing and then back loading the device
into an 18F system. The currently available devices come
in sizes ranging from 16 mm to 24 mm, but the false lumen
is frequently >24 mm. Also, these devices are circular, and
the false lumen of a chronic dissection is often crescent
shaped. To achieve a better seal, we used multiple devices
in 71% of the patients.
A future device speciﬁcally created for this purpose
should be designed to extend to a wider range of sizes
with increased length of the delivery system and a structure
that is more conformable to the irregular shape of the false
lumen. This can potentially achieve more complete throm-
bosis at the time of the initial embolization and may reduce
the rate of reintervention.
CONCLUSIONS
Adjunctive distal thoracic false lumen embolization
with a covered stent device promotes false lumen throm-
bosis and remodeling after stent grafting the true lumen
in patients with chronic dissection and persistent retro-
grade false lumen perfusion. Devices that have been devel-
oped and reﬁned for use as an adjunct to standard TEVAR
have the potential to improve outcomes. Further study of
this strategy is warranted.
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